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ALTIMETERS. 


1. USE. 


‘The altimeter is an aneroid barometer calibrated so that a reduc- 
tion in pressure below normal pressure causes the pointer to indicate 
the altitude at which this reduced atmospheric pressure is found. 
The primary purpose then of the altimeter is to indicate the altitude 
of the airplane, which information is needed to keep out of range of 
antiaircraft guns, for setting the bomb sight, for interpretation of 
photographs taken from the airplane, and for a variety of tactical 
purposes. 

In navigation over strange country, where an accurate, dead reckon- 
ing is desired, the altitude must be known in order to correct the air- 
plane reading which is largely affected by the air density, which 
depends on the altitude. In cross-country flying the altimeter will 
inform the pilot whether he is gaining or losing altitude for a given 
engine speed and angle of attack. Again, in performance testing 
either an altimeter, or better an altigraph, which is a recording alti- 
meter, 1s necessary to determine the ceiling, the rate of climb, the 
glide ratio, etc. 

After the description of the instrument a discussion will be given 
of the precautions to be followed in the use of the altimeter. 


2. CONSTRUCTION. 


Any surface exposed to the air is subjected to a pressure which is 
equal to the weight of the volume of air, the cross section of which 
is the area of the surface, and the height of which is the height of the 
atmosphere. ‘This pressure amounts to 14.70 Ibs. sq. in. or 1,033 gms. 
sq. cm. at sea level and latitude of 45°. At altitudes above sea level 
the height of the column of air above a given surface is less, and 
consequently the pressure is less, so that at an altitude of about 19,000 
feet the pressure is only half that at sea level. One is not ordinarily 
aware of this atmospheric pressure, because it is equal in amount in 
every direction, but if the air is pumped out of a hollow container 
the effect of this pressure may be noted by the indentation or collapse 
of the walls. The most accurate and reliable means of measuring the 
atmospheric pressure is by a mercury barometer. But this instru- 
ment 1s not adapted to transportation, and the aneroid barometer 
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was devised for altitude measurement and has been in use for over a 
century. 

Figure I shows the external view of five types of altimeters in use 
type B has a range of 0 to 20,000 feet; type CG, 0 to 25,000 foot: 
type D, 0 to 30,000 feet; type F, 0 to 6. 5000 eee and type G, 0 to 
20,000 fant, The Aes of construction are much the same in all 
types. 

Figure IT shows the internal ocnaniee of one of these altimeters. 
The aneroid aisa cylindrical metal box, about 2 inches in diameter and 
one-eighth of an inch thick, from ee the air has been nearly 
pumped out and the: ‘box scllese The top and bottom diaphragms of 
the aneroid are corrugated to add to their flexibility. The aneroid 
is kept from collapsing under the atmospheric pressure by the action 
of a mainspring 6, which is a strong, C-shaped leaf spring. This 
spring is fastened to a carriage ¢, which rests on the base. by three 
pointed screws. The bottom diaphragm of the aneroid is fastened - 
to the base by.a screw and nut. From the top diaphragm a pillar d_ 
extends up through a hole in the spring, and a knife- edge at the end 
of the pillar rests on the free edge of the spring. The exhaustion of — 
the aneroid is not made until after the aner oid, mainspring, and car- 
riage are assembled. The total atmospheric pressure on the aneroid 
is balanced by the elastic forces of the aneroid and spring. When the 
pressure is reduced, as would be the case in ascending above sea level, 
the top diaphragm and the mainspring rise. To the mainspring is 
attached a compound bar e, the outer end of which is linked to a 
regulator mechanism consisting of a connecting rod /, shaft g, and 
upright h. To the upper end of A is linked.a fine chain, the other end 
of which is fastened to the pointer spindle. Now, when the pressure 
on the aneroid is reduced the outer end of ¢ rises, and this motion 
causes A to rotate toward the pointer spindle. As the tension on the 
chain is reduced the pomter spindle is turned by a hairspring which 
is under tension. The hairspring is wound up tightest when the 
pressure is greatest, and is allowed to unwind as the pressure becomes 
less. , 
An examination of Figure WH shows that ig. hares of pressure 
is not linear with respect-to the altitude, but the isin is smaller as 
higher altitudes are reached.. Consequently, if the magnifying ratio of 
the motion of 4 to the motion of d (sometimes called velocity ratio) 
were constant the scale would be more open for the lower part of the 
range than the upper. In order to have a uniform scale, this ratio 
must increase at the same rate that the slope of the curve of Figure 
III decreases. The function of the regulator mechanism is to make 
possible such an adjustment of the magnifying ratio. The proper 
angle between the chain and / is the most important feature of this 
adjustment. 





FIG. |1—ALTIMETERS. 





FIG. Il.—MECHANISM OF ALTIMETER. 
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A satisfactory altimeter must be compensated for temperature 
changes in the instrument. That is, a given change in pressure when 
the instrument was at a temperature of 10° C. would not produce 
the same deflection of the pointer as the same pressure change when 
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WIG. PEL. 


the instrument is at a temperature of 25° C. unless special compen- 
sation is provided. The temperature effects are of three kinds: (1) 
A decrease in the “ stiffness” of the spring and aneroid with increase 
in temperature; (2) an increase in pressure of the residual air in the 
aneroid; (8) an increase in the dimensions of the parts of the 
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mechanism, which increases shghtly the magnifying ratio of the 
lever system at higher pressures. The result of effect (1) is to make 
the indicated altitude too low, while (2) and (3) tend to make the 
indicated altitude too high. However, the magnitudes of (2) and 
(3) are small compared to (1), consequently some additional com- 
pensation is necessary. This is accomplished by the use of the com- 
pound bar. On the top of bar e is brazed a piece of steel. which has 
a smaller thermal coefficient of expansion than the brass. With an 
Increase of temperature the outer end of ¢ will rise, and this shifts 
the angles between the elements of the regulator mechanism in such 
‘a Manner as to increase the magnifying ratio and thus neutralize 
effect (a). However, the compensation is generally tested only at 
normal atmospheric pressure (low altitude) and probably is not 
effective at high altitudes. 

Specifications (see No. 27 058A) require that the pointer be set 
at zero for original calibration for a standard atmosphere of 29.9 
inches of mercury. Since the atmospheric pressure is constantly 
‘changing in any locality, there will be times when the pointer will 
stand at a point less than zero and other times when it will be 
higher than zero even when the altimeter is at sea level. For ex- 
ample, when the barometer reads 30 inches the altimeter would read 
90 feet below sea level, while for a barometer reading of 29.8 inches 
the altimeter would read 90 feet above sea level. The barometer 
variation may be much greater than this. For the ordinary use of 
an altimeter it is desirable that the instrument read zero when the 
airplane is on the ground. This is made possible by having an 
adjustable dial in the altimeter. The zero adjustment knob may be 
‘seen in Figure I. By turning this the dial is rotated so as to bring 
the zero under the pointer. If an airplane is flying from an aero- 
‘drome which is situated some altitude above sea level the altimeter 
may be used either to indicate altitude above the aerodrome or 
altitude above sea level. In the first case the altimeter is set at Zero 
when on the aerodrome; in the second it is set for the altitude of the 
field. Since the instrument is designed with a uniform scale no 
great error will be involved in using for a zero a position of the 
pointer (with reference to the case) other than the true zero posi- 
tion, corresponding to a pressure of 29.9 inches. However, if accu- 
rate use of the instrument is desired, as in some testing work, it is 
better to set the zero of the dial at the true zero of the instrument. 
This can be done by reading the barometer, determining from the 
altitude pressure tables the altitude corresponding to this pressure, 
and setting the dial under the pointer at this position. Then this 
“zero altitude ” must be added or subtracted from the indicated alti- 
‘tude to determine the true altitude. 
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Since the scale of an altigraph is generally no¢ uniform, the above- 
procedure should always be followed in using such an instrument. 

Another precaution to be observed in the use of an altimeter or 
altigraph is the correction for temperature. ‘The altitude-pressure- 
tables are calculated from an equation of the following type: 


H=60368 (log P,—log P,) (1 No. t/273) 


Where # is altitude in feet above sea level, P, the pressure at 
sea level, and P, the pressure 7 feet above sea level, both expressed. 
in inches of mercury, and ¢ is the mean temperature of the air: 
column expressed in degrees centigrade, it is necessary to assume 
some definite temperature in preparing an altitude-pressure table 
used for calibrating altimeters, and 10° C. is generally taken. Now, 
if in using an altimeter the mean temperature of the air column 
is higher than 10° C. the indicated altitude will be less than the- 
true altitude, while if the mean temperature is less than 10° C. the 
indicated altitude will be greater than the true altitude. The true: 
altitude may be obtained by multiplying the indicated altitude by 7'», 
283, where 7’, is the mean absolute temperature; that 1s, 273 tm? Cz. 
If a high altitude is being measured, ¢» should be the harmonic mean. 
temperature obtained by the following equation: 


where ¢,, ¢;, tz, etc., are the temperatures read at every thousand feet. . 
If the altitude is not high it is sufficiently accurate to take ¢, as the 
arithmetical mean of the temperature at the ground and the final 
heighth. The temperatures are read from a thermometer placed out. 
on one of the wings. 


38. INSTALLATION. 


Since this instrument is complete within its case, the installation. 
is very simple compared with that of the engine instruments. The. 
only special precaution to be observed is to leave open to the air a 
small hole in the case just under the zero adjustment knob. This is. 
necessary that the pressure in the case may be always the pressure of | 
the air for the location of the airplane. 
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